D
uring the past 10 years, MR imaging of acute stroke has become more and more important, culminating in the American Academy of Neurology updating their guidelines in July 2010, recommending DWI as the best method for the most accurate diagnosis.
Several other diseases, however, can mimic acute stroke, such as migrainous aura, which is a frequent neurologic disorder. Aura may manifest as acute neurologic symptoms before the onset of headache. [1] [2] [3] [4] [5] Usual uncomplicated migraine attacks resolve after treatment. On the other hand, migraine with aura is a risk factor for ischemic stroke. 6 The question is whether MR imaging is useful in the early distinction of migrainous aura and ischemic stroke.
Dedicated stroke MR imaging protocols have been established and include DWI and PWI as well as MRA of the intraand extracranial vessels. [7] [8] [9] Whereas DWI is useful to depict the infarct core, PWI is used to determine the ischemic penumbra. 10 The patterns of hypoperfusion in acute brain infarction have been described. 11 MR perfusion abnormalities have also been described in other disorders, (eg, seizures, vasospasm following subarachnoid hemorrhage, and severe stenosis of intra-or extracranial vessels). 12, 13 MR imaging, nuclear medicine, and CT perfusion studies have demonstrated that migrainous aura may be associated with perfusion abnormalities; however, all articles are limited to a small number of selected patients. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] To date, no data are available from a larger series of consecutive patients.
To our knowledge, this is the first study to describe perfusion anomalies-evaluated in a large cohort of 1850 consecutive acute stroke MR imaging examinations-in patients with acute migrainous aura mimicking acute stroke.
Materials and Methods

Patients
A retrospective analysis was performed during a 4-year period with a total of 1850 consecutive acute stroke MR imaging examinations (all including PWI). From this cohort, patients were selected in whom final neurologic and imaging work-up established the diagnosis of acute-onset migraine with aura.
Both the initial neurologic examination and the final diagnosis of migraine with aura or status migrainosus were performed by 2 neurologists according to established criteria. 4 Patients in whom any other disease or condition was diagnosed that was considered as a possible complete or partial cause of the symptoms (history of previous brain infarction or transient ischemic attack or severe stenosis of intra-or extracranial vessels) were excluded. This was done to avoid any bias due to the inclusion of patients with other possible causes for abnormalities on PWI. Written informed consent was given by all patients. In a standardized review sheet, the clinical presentation was noted and the time interval between the onset of symptoms and the beginning of the MR imaging study was recorded. The study was approved by the institutional review board.
Imaging Study
All stroke MR imaging examinations were performed on 1.5T scanners (Magnetom Symphony or Magnetom Avanto; Siemens, Erlangen, Germany) with a maximum gradient strength between 30 and 45 mT/m with a 12-channel standard head coil. Our MR imaging protocol using a free-induction-decay-EPI sequence for PWI is described in Table 1 . The examinations including PWI were performed with full-head coverage (23 sections) in an axial orientation, with TR ϭ 2090 ms, TE ϭ 49 ms, flip angle ϭ 60°, FOV ϭ 220 mm, matrix size ϭ 128 ϫ 96 (read and phase), section thickness ϭ 6 mm, 10% section gap, 1 average, parallel imaging factor ϭ 2. For PWI, 35 dynamic measurements (temporal resolution ϭ 2090 ms for each dynamic series) were acquired after bolus injection (flow rate of 5 mL/s), followed by a 20-mL saline flush of a 1.0-mol/L contrast agent, gadobutrol (Gadovist; Bayer HealthCare, Berlin, Germany). For extracranial angiography, a time-resolved contrast-enhanced MRA technique was used. Total measurement time was 10 minutes 25 seconds for all sequences. All PWI maps were calculated by using the same vendor-specific dedicated software (syngo Perfusion, version VB 17A; Siemens) by using a nonparametric singular value decomposition deconvolution technique. We calculated the following color-coded maps: TTP, rMTT, rCBV, and rCBF. For follow-up MR imaging (within 24 hours), the identical protocol was used.
Image Analysis
MR images were analyzed by 2 specialized neuroradiologists in consensus according to the established criteria. 11 First, PWI was analyzed visually, with the readers blinded to all other sequences. After 1 week, the remaining sequences were analyzed and quantitative analysis of PWI maps was performed: In patients with a visually detected perfusion abnormality, a region of interest was defined in a representative section. The mean signal intensity was compared with an identical region of interest on the contralateral hemisphere (Fig 1) . In patients with bilateral hypoperfusion, comparison was performed with normally perfused brain parenchyma in the MCA territory. In patients without visually detectable perfusion abnormalities, measurements were taken bilaterally in the MCA and PCA territories. For all patients, signal-intensity ratios (defined as the mean signal intensity in the affected brain region divided by mean signal intensity found in the normal hemisphere/region) were calculated. For visual assessment, perfusion abnormalities were classified as hyper-or hypoperfusion. Each abnormality was graded by using a 4-point scale: 1, minor perfusion abnormality (subtle changes compared with the contralateral hemisphere); 2, moderate perfusion abnormality; and 3, major perfusion abnormality. Grade 0 was the absence of a perfusion abnormality. Furthermore, the affected vascular territory was assessed.
Statistical Analysis
Statistical analysis was performed with the Statistical Package for the Social Sciences, Version 17 (SPSS, Chicago, Illinois). The Wilcoxon test was used to compare differences in the visual and quantitative assessment of perfusion maps; the Mann-Whitney U test was applied to compare results in patients with and without perfusion abnormalities. A level of P Ͻ .05 was regarded as a statistically significant result. The Spearman rank correlation coefficient was calculated to compare results of the visual and quantitative assessments.
Results
Of 1850 stroke MR imaging examinations performed, 20 patients were found fulfilling the inclusion criteria (13 females, 7 males; mean age, 23 years; range, 17-51 years). Thus, the incidence of migraine with aura was 20/1850 (1.08%). None of the patients had a known history of previous attacks of migraine with focal neurologic deficits or other diseases. Nineteen of 20 examinations were performed between 1 and 6 hours after onset (mean interval, 174 minutes). In 1 patient, the history of symptoms had persisted for 72 hours (status migrainosus) before the MR imaging examination. At the time of the examination, none of the patients had headache as the dominant symptom. There was a clear relationship between the perfusion abnormality and the symptoms of the patients. In the patients with posterior predominance of the hypoperfusion, visual deterioration and nausea or vertigo or both were seen. For example, of 11 patients with visual symptoms, 9 patients had hypoperfusion in the area of the PCA. Furthermore, the patients with motor deficits or paresthesias showed perfusion abnormalities in the area of the MCA. Eight of 9 patients with aphasia demonstrated hypoperfusion in the area of the MCA (Table 2) .
In 14 patients (70.0%), hypoperfusion was found by visual assessment, unilateral in 11/14 (78.6%) and bilateral in 3/14 (21.4%) patients. In 10/14 (71.4%) patients, a posterior predominance of hypoperfusion was seen-located in the PCA territory and in varying parts of the MCA territory. In the remaining 4 patients (28.5%), hypoperfusion involved all 3 vascular territories. Graded visual assessment of hypoperfusion is shown in Table 2 .
At visual assessment, hypoperfusion was significantly more pronounced on TTP than on rMTT (P ϭ .004), rCBV (P Ͻ .001), or rCBF (P Ͻ .001) maps. rMTT was more sensitive than rCBV (P ϭ .001) and rCBF (P ϭ .031). Notably, rCBF also showed hypoperfusion in 13/14 cases, though it was significantly less pronounced than rMTT and TTP. rCBV only showed subtle hypoperfusion in 10/14 cases. At quantitative analysis, the following mean signal-intensity ratios were found in patients demonstrating hypoperfusion at visual assessment: TTP, 1.08; rMTT, 1.31; rCBF, 0.64; rCBV, 0.83. Mean signal intensity ratios for patients without visually detected perfusion abnormalities are given in Table 3 . Quantitatively, the most pronounced changes were found in rCBF followed by rMTT (P Ͻ .001), rCBV (P Ͻ .001), and TTP (P Ͻ .001). Differences between patients with and without visually observed hypoperfusion were significant for all maps.
When we compared visual and quantitative assessments, the Spearman correlation coefficient revealed significant correlation for TTP (r ϭ 0.81), rMTT (r ϭ 0.84), and rCBF (r ϭ Ϫ0.72); for rCBV, the correlation was not significant (r ϭ Ϫ0.46).
No other sequences showed any pathologic findings. In particular, there was no evidence of restricted diffusion (Fig  2) .
Clinical follow-up was available in all cases. In all patients, symptoms fully resolved, spontaneously (n ϭ 5) or after treatment with IV acetylsalicylic acid or acetaminophen (n ϭ 14). Systemic thrombolysis (alteplase) was performed in 1 patient with suspected stroke at the beginning of the study period (the first patient with migraine in this study). In 14/20 patients, follow-up examinations in a time interval of 20 -30 hours (mean, 22 hours) were available. All follow-ups demonstrated complete resolution of hypoperfusion at visual assessment (Figs 2-4) . Repeat standard sequences demonstrated no change to the initial examination.
Discussion
A subset of migraine attacks may manifest with acute neurologic symptoms (ie, aura) that can also be found in acute stroke. 1 These symptoms occur before the migrainous headache. Cases with predominantly motor symptoms are also referred to as "hemiplegic migraine." 25 According to the International Headache Society, 4 these forms are diagnosed clinically by accurate patient history and neurologic examination. However, substantial problems may arise in the acute phase because accurate information is often incomplete or difficult to obtain. 3 Distinguishing between migrainous aura, cerebral ischemia, and Todd paralysis following a seizure may be difficult. In our series, no one had a previous history of migraine with acute neurologic deficits. Thus, a certain dilemma arises because an accurate differential diagnosis is mandatory for correct treatment. Stroke MR imaging has demonstrated its clinical importance in the work-up of acute brain infarction. 7, 26 Perfusion abnormalities in acute brain infarction usually comprise hypoperfusion in a defined (mostly single) vascular territory.
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There are reports that certain perfusion abnormalities may be found in migraine by using PWI; however, these are limited to case studies. Since 2005, we have examined all patients with acute stroke who are potentially candidates for thrombolysis or mechanical intervention, primarily with stroke MR imaging. From 1850 consecutive patients with acute stroke symptoms, 20 patients with migraine that mimicked acute stroke (1.08% of all patients) were found. In the case of standard unenhanced CT, these patients would probably have been treated with systemic thrombolysis, which is risky and delays specific antimigrainous treatment.
17-19
Perfusion abnormalities were found in 70% (14/20 patients). That implies that-if migrainous aura is present-perfusion abnormalities are frequent. In each case, the perfusion abnormality was detected by visual evaluation, which was performed in the first step of the study evaluation. Subsequent quantitative analysis did not reveal any further cases with significant perfusion abnormalities. This finding demonstrates that visual assessment, which is usually performed in the acute setting, also seems to be adequate to show migraine-associated perfusion abnormalities. Quantitative assessment-which takes additional time-does not seem to be mandatory in the acute setting.
Of these 14 cases showing perfusion abnormalities, increased perfusion was not seen in any. In our opinion, this was due to the fact that all patients were examined in the stage of migrainous aura, where neurologic deficits-but not headache-were the dominant symptom. Even in 1 patient with a prolonged symptom history for 3 days, no headache was present, similar to findings in other reports. 16 Some published studies report hyperperfusion; however, this is during the headache stage, 6 -24 hours after the onset of symptoms. 2, 17, [19] [20] [21] 24 Others report hypoperfusion during the migrainous aura. 2, 14, 18, 22, 23, 27 These findings emphasize that early MR imaging examination is crucial to detect the perfusion abnormalities. This correlates with the presumed pathogenesis of migraine, which includes a combination of vascular and neuronal factors. 28, 29 The finding of occipital predominance of vasoconstriction during the aura is supported by our data because we found a posterior predominance of hypoperfusion (71.4%).
The striking point is that in all cases, Ͼ1 vascular territory was affected, which holds the greatest potential to differentiate migraine from stroke, where hypoperfusion is usually limited to a single vascular territory. In 4 of 14 patients (28.6%), the entire hemisphere was hypoperfused. A possible differential diagnosis for this pattern of hypoperfusion is severe stenosis of the extracranial vessels. However, this can be ruled out by MRA of the extracranial vessels.
Concerning the 4 PWI maps, we found that quantitative evaluation of the perfusion abnormalities was not much more striking than visual inspection. In the visual assessment, TTP was significantly superior, followed by rMTT (Table 2) . TTP and rMTT were positive for hypoperfusion in all positive cases except 1, in which only subtle findings (grade 1) were seen in TTP, with the other maps having negative findings. Notably, all except 1 of the cases positive for hypoperfusion also showed changes in rCBF. 21, 27 On quantitative analysis, rCBF demonstrated the most pronounced changes, followed by rMTT and TTP. The Spearman correlation test revealed significant correlation for TTP, rMTT, and rCBF between visual and quantitative analysis, except for rCBV. This may be due to the color-coding of the lookup table in combination with window and center settings that we use that encode the rCBF map predominantly with dark colors, blue and black. However, the quantitative results can be better appreciated if the rCBF images are windowed and centered with extremely narrow values. Of course, in the acute clinical setting, visual evaluation is used first because it is the fastest approach ("time is brain"). In cases of doubt, however, additional quantitative evaluation with calculation of ratios in the different maps between the affected and the normal hemisphere may be performed.
In all patients, clinical follow-up was available. All showed complete resolution of the symptoms, spontaneously or after treatment with analgesics. MR imaging follow-up was performed in 14/20 patients (70%) and showed complete resolution of hypoperfusion in all cases.
A limitation of this study is its retrospective design, describing only patterns of perfusion anomalies. Sensitivities or specificities cannot be provided and must be the topic of further research. PWI in patients with migraine during headache will be a topic of further research in a prospective setting. The comparison of visual-versus-quantitative assessment of PWI also warrants further research.
Conclusions
The American Academy of Neurology updated their guidelines in July 2010, recommending DWI as the superior method (level A) for the most accurate stroke diagnosis. 30 The study presented here supports that recommendation and demonstrates the potential of PWI in eliminating differential considerations.
To our knowledge, this is the first study to describe perfusion anomalies-evaluated with acute stroke MR imaging-in patients with acute migrainous aura mimicking acute stroke. Migraine is a rare but important differential diagnosis among patients presenting with symptoms of acute stroke. Hypoperfusion affecting Ͼ1 vascular territory is the most important finding on PWI, which can lead one to the correct diagnosis and therapy, particularly if no diffusion restriction is seen.
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